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Abstract 



PURPOSETo consolidate and improve the natural ground by correctly injecting, foaming, and hardening the urethane foam resin having 
the quick hardening speed over the whole drilled hole of the natural ground via the simple work. 

CONSTITUTIONS hollow rod 1 provided with a hole 2 at the tip section is inserted into a drilled hole 23 of the natural ground (b). a short 
hose 24 is inserted into the mouth of the drilled hole 23. and wastes 26 are packed in it. Urethane foam resin is injected into the mouth 
of the drilled hole 23 through the hose 24. it is foamed and hardened, and the mouth of the drilled hole 23 is sealed by a urethane foam 
resin body 27. The urethane foam resin is injected into the whole drilled hole 23 from the hole 2 at the tip section of the rod 1 through 
the hollow section 2 of the rod 1. and it is foamed and hardened. 
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JP 5-272126 (translation) 

[Title of the Invention] CONSOLIDATION PROCESS FOR NATURAL 

GROUND 

[Abstract] 

[Object] 

To consolidate and improve natural ground by accurately 
injecting a urethane foam resin which is easy to work with and quick to 
harden throughout bore holes of the natural ground, and allowing the 
urethane foam resin to foam and harden. 
[Constitution of the Invention] 

A hollow rod (l) provided with a hole (2) in a head end section 
thereof is inserted in a bore hole (23) of natural ground (b), a short hose 
(24) is inserted to the mouth of the bore hole (23), a waste cloth (26) is 
packed in the mouth, a urethane foam resin is allowed to flow in the 
hose (24) and into the mouth of the bore hole (23) to be foamed and 
hardened, and the mouth of the bore hole (23) is sealed with a urethane 
foam resin body (27). The urethane foam resin is then allowed to pass 
through a hollow section (2) of the rod and injected into the entire bore 
hole through the hole (2) of the head end section of the rod (l) to be 
foamed and hardened. 
[What is Claimed is : ] 
[Claim 1] 

A consolidation process for natural ground comprising the steps 
of inserting a hollow rod provided with a hole in a head end section into 
a bore hole of natural ground, inserting a short hose into a mouth of the 



bore hole, packing a waste cloth to seal the mouth, mixing a certain 
amount of two urethane foam resins having quick hardening speed to 
pass through the hose, injecting the resin mixture into the mouth of the 
bore hole to allow it to foam and harden, mixing two urethane foam 
resins having quick hardening speed to pass the hollow section of the 

rod, injecting the resin mixture in the entire bore hole from the hole in 

the head end section of the rod to allow it to foam and harden. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a consolidation process of 
natural ground for consolidating and improving the natural ground in a 
limited required area by injecting a urethane-based chemical solution of 
hard urethane foam resin into the natural ground. 

[0002] 
[Prior Art] 

Conventionally, this kind of consolidation process of natural 
ground is, as mentioned in Japanese Examined Patent Publication No. 
63-63687, to fix a liquid absorbing type base material around the outer 
circumference of a pipe, impregnate the liquid absorbing type base 
material with a foaming chemical liquid. Then the pipe with the 
liquid absorbing type base material is inserted into a hole of natural 
ground to allow foaming and hardening reactions of the foaming type 
chemical liquid to form a foamed layer around the pipe, thereby a 
clearance between the pipe and the natural ground hole wall surface is 



filled with the foamed layer and the pipe is fixed inside the hole. Then, 
a consolidating chemical liquid is allowed to pass through a hollow 
section of the pipe into the depths of the hole, so that it can be 
permeated into the natural ground, reacted and hardened, thereby the 
natural ground around the hole is consolidated. 
[0003] 

[Problems to be solved by the Invention] 

In the above-mentioned conventional consolidation process of 

the natural ground, 
[0004] 

(1) Fixing the liquid absorbing type base material to the outer 
circumference of the pipe is a complicated work. 

[0005] 

(2) The insertion of the pipe together with the liquid absorbing 
type base material fixed to the outer circumference in the hole of the 
natural ground is difficult. 

[0006] 

(3) The operation takes time and is troublesome because the 
liquid absorbing type base material around the pipe must be 
impregnated with the foaming chemical liquid and the pipe with the 
liquid absorbing type base material must be inserted immediately into 
the hole of the natural ground. 

[0007] 

(4) The consolidation of the natural ground is unable to take 
place precisely since the consolidating chemical liquid is passed 
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through the hollow section of the pipe into the depths of the hole of 
natural ground the consolidating chemical liquid the natural ground 
and permeates only into the depths of the hole to be reacted and 
hardened, and will not permeate in other sections of the hole. 
[0008] 

[Means for Solving the Problems] 

In the present invention, in order to precisely inject a urethane 
foam resin which is easy to work with and quick to harden throughout 
the whole bore hole of natural ground, a hollow rod with a hole 
provided at a head end section is inserted in a bore hole of natural 
ground, the mouth of the bore hole is blocked up with a waste cloth 
after inserting a short hose, a certain amount of two urethane foam 
resins is mixed to pass through the hose to inject into the mouth to be 
foamed and hardened. Then two urethane foam resins are mixed and 
passed through the hollow section of the rod to inject into the entire 
bore hole from the hole in the head end section of the rod to be foamed 
and hardened, thereby to consolidate the natural ground. Thus, the 
injection of the urethane foam resin with quick hardening speed into 
the entire bore hole of the natural ground is achieved by sealing the 
mouth of the bore hole in the natural ground with foamed and hardened 
urethane foam resin, and then further injecting the urethane foam 
resin into the entire bore hole from the hollow section of the rod 
through the hole in the head end section of the rod. 

[0009] 
[Example] 
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FIGS. 1 through 16 show an embodiment of the present 
invention. Referring to the drawings, (a) designates a self-boring lock 
bolt utilizing a hollow rod and (l) designates a rod equipped with a 
hollow section (2), to the outer circumference of which a rope male 
thread (3) is provided. (4) designates a bit screwed to a head end 
section of the rod (1), and holes (5) in free communication with the 
hollow section (2) of the rod (l) are provided in both sides of the head 

end. 
[0010] 

(6) designates a urethane injection pump for separately 
discharging polyether-based polyol (hereinafter called "liquid A") and 
modified polyisocyanate (hereinafter called "liquid B") as two liquid 
urethane foam resins to be mixed, (7) designates an end connector 
including an engaging circumferential groove (9) formed on an 
intermediate section of the outer circumference of a central nozzle (8). 
Openings on both ends of the end connector (7) are connected to a 
discharge ports for the liquid A and the liquid B of the urethane 
injection pump (6) with hoses (10) and (10), respectively. 
[0011] 

(11) designates a screw coupler with a rope female thread (12) 
provided on the internal circumference thereof . A base end male 
thread (14) of a mounting coupler (13) is screwed to fix to the center 
female thread hole of one end wall. A check valve (15) is installed in 
an intermediate section of the inside of the mounting coupler (13) and 
an engaging ball (16) is installed at a head end section thereof, so that 



the mounting coupler (13) equipped with the screw coupler (11) can be 
attached and detached instantaneously by engaging or disengaging the 
engaging ball (16) with the engaging circumferential groove (9) of the 
nozzle (8) by an operating ring (17) mounted to the outer head end 
section of the mounting coupler (13). 
[0012] 

(18) shows a mixing pipe provided with a flared base section in 
the form of trumpet, which accommodates therein a stationary mixer 
(20) composed of a large number of 1-pitch pieces (20a) of left-thread 
screw and a large number of 1-pitch pieces (20b) of right-thread screw 
alternately formed in an orthogonal state. (21) shows a funnelform 
packing made of rubber, etc. and (22) shows a screw joint which is 
fabricated by cutting a hollow rope thread rod same as the rod (1) into 
an appropriate short size. 
[0013] 

(b) shows natural ground, (23) is a bore hole provided in the 
natural ground (b), (24) i 8 a short hose, (25) is a head end fastener of 
the hose (24), (26) is a waste cloth, (27) is a urethane foam resin body 
that has been foamed and hardened at the mouth of the bore hole (23), 
(28) is a urethane foam resin body that has been foamed and hardened 
throughout the bore hole (23), and (29) iB a chuck of a boring machine. 
[0014] 

The execution procedure is described as follows. 

[0015] 

(1) First of all, as shown in FIG. 4, the packing (21) and the 
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screw joint (22) are fitted successively to the base section of the mixing 
pipe (18), and the screw joint (22) is screwed into the rope female 
thread (12) of the screw coupler (11) equipped with the mounting 
coupler (13) to fix them integrally. 
[0016] 

(2) As shown in FIG. 10, the chuck (29) of the boring machine is 
screwed to fit to the base section of the rod (l) of the lock bolt (a), and 
the bore (23) is formed in a specified depth by the lock bolt (a) in the 
natural ground (b). 

[0017] 

(3) As shown in FIG. 11, the chuck (29) of the boring machine is 
detached from the lock bolt (a). Then, after inserting the hose (24) into 
the mouth of the bore hole (23), the waste cloth (26) is packed to block 
the mouth. 

[0018] 

(4) After the mixing pipe (18) integrated with the mounting 
coupler (13), etc. as shown in FIG. 4 is inserted into the hose (24) as 
shown in FIG. 12, the nozzle (8) of the end connector (7) is inserted in 
the mounting coupler (13), and the engaging ball (16) is fixed into the 
engaging circumferential groove (9) by the operating ring (17), and the 
mounting coupler (13) is connected to the end connector (7). 

[0019] 

(5) By the use of the injection pump (6), specified amounts of 
liquid A and liquid B are introduced into the hoses (10) and (10), 
respectively, at a suitable ratio. The liquid A and the liquid B are joined 



in the end connector (7) and injected in the inner vicinity of the waste 
cloth (26) at the mouth of the bore hole (23) from the head end of the 
hose (24) via the nozzle (8) of the end connector (7), the mounting 
coupler (13), the mixing pipe (18), and the hose (24). In such event, 
the liquid A and the liquid B are mixed by repeating left turns and right 
turns many times by guidance of the alternately formed left-thread 
screw 1-pitch pieces (20a) and the right-thread screw 1-pitch pieces 
(20b) when they pass inside the mixing pipe (18), and the mixture 
liquid is injected. 
[0020] 

(6) The mixing pipe (18) is drawn out of the hose (24), and as 
shown in FIG. 13, the outer head end section of the hose (24) is bent 
and fixed with the fastener (25), and the operating ring (17) is operated 
to remove the mounting coupler (13) equipped with the mixing pipe (18) 
from the end connector (7). Then, the mixture liquid of the liquid A 
and the liquid B passes in the hose (24) without leaking and foams and 
hardens in a short period of time, about a few to ten-odd seconds after 
injection. Thus, the urethane foam resin body (27) is formed in the 
inner vicinity of the waste cloth (26) at the mouth of the bore hole (23) 
to seal the mouth of the bore hole (23) as shown in FIG. 13. 

[0021] 

(7) After inserting the mixing pipe (18) equipped with the 
packing (21) into the hollow section (2) of the rod (l) of the lock bolt (a) 
as shown in FIG. 9, the rope female thread (12) of the screw coupler (ll) 
equipped with the mounting coupler (13) is screw-fitted to the base 
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section of the rope male thread (3) of the rod (1) to mount the screw 
coupler (11) equipped with the mounting coupler (13) to the lock bolt (a) 
as shown in FIG. 14. 
[0022] 

(8) The end connector (7) is connected to the mounting coupler 
(13) as shown in FIG. 15 by operating in the same manner as the above 
to inject the liquid A and the liquid B at a proper ratio into the hoses 
(10) and (10), respectively, by the injection pump (6). When the 
injection pressure is increased to a certain level, the injection operation 
by the injection pump (6) is stopped. Then, the liquid A and the liquid 
B are mixed when they pass the mixing pipe (18) from the hoses (10) 
and (10) via the mounting coupler (13), and the mixture liquid is 
injected into the depths of the bore hole (23) from the hole (5) via the 
hollow section (2) of the lock bolt (a) to fill the entire bore hole (23). 
[0023] 

(9) Thereafter, as shown in FIG. 16, the end connector (7) is 
detached from the mounting coupler (13). The mixture liquid of the 
liquid A and the liquid B does not leak out of the mounting coupler (13) 
owing to the check valve (15) in the mounting coupler (13), and foams 
and hardens in a short time, about a few to ten-odd seconds after 
injection. Thus, the urethane foam resin body (28) is formed 
throughout the bore hole (23) to consolidate the natural ground. 
[0024] 

Table 1 shows the properties of the liquid A and the liquid B to 
be injected in the mouth of the bore hole (23) and the inside of the bore 



hole (23). 
[Table 1] 





OKR 


OKP 


OKC 


Features 


Instantaneously 
consolidating type 


Permeating 
type 


For calking 


Applied natural ground 


Springs and cold 
districts 


Sandy soil and 
fissured 
natural ground 


Mouth 

blocking, 

etc. 


Liquid 
properties 


Liquid A 


Faint yellow transparent liquid 


Liquid B 


Dark brown liquid 


Main 

component 


Liquid A 


Polyether based polyol 


Liquid B 


Modified polyisocyanate 


Liquid viscosity 
at 20°C 


Liquid A 
(18 kg/can) 


250 + 40 cps 


80 + 20 cps 


600 ±50 cps 


Liquid B 
(20 kg/can) 


250 ±40 cps 


80 ±20 cps 


250 ±50 cps 


Liquid specific 
gravity 


Liquid A 


1.09 


1.10 


1.09 


Liquid B 


1.23 


1.22 


1.23 


Composition ratio (by volume) 
Liquid A • liquid B 


i:i 


i:l 


1 = 1 


20°C rise time 


12±3 


60±10 


120±10 


Expansion ratio (free foaming) 


15 


10 
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[0025] 



FIGs. 17 through 20 show another embodiment using a pipe rod 
in place of the self-boring lock bolt (a) in the above-mentioned 
embodiment according to the present invention. Referring to drawings, 
(al) shows a hollow rod and (la) shows a rod body of the pipe provided 
with a hollow section (2). A rope male thread (3) is provided on the 
outer circumference of a base section of the rod, a few holes (5a) are 
bored in a head end section, and a conical metal tip (4a) is fitted to the 
head end of the rod body (la). 
[0026] 

(30) designates a boring rod including a rope male thread (31) 
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provided on the outer circumference of a base section thereof and a bit 
(32) mounted on the head end thereof. Other reference characters are 
the same as shown in FIGs. 1 through 16. 
[0027] 

The execution procedure is described as follows. 

[0028] 

(1) As shown in FIG. 18, the chuck (29) of a boring machine is 
screwed to the base section of the boring rod (30), and the bore hole (23) 
is formed in a specified depth with the boring rod (30) in the natural 
ground (b). 

[0029] 

(2) As shown in FIG. 19, the boring rod (30) is drawn out of the 
bore hole (23). 

[0030] 

(3) As shown in FIG. 20, a rod (al) is inserted in the bore hole 

(23). 
[0031] 

(4) Thereafter, the execution procedure of the above embodiment 
shown in FIG. 11 through FIG. 16 is carried out, and thus the natural 
ground is consolidated with the urethane foam resin bodies (27) and 
(28). 

[0032] 

[Effect of the Invention] 

The consolidation process for natural ground according to the 
present invention has the following advantages. 
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[0033] 

(1) A hollow rod is inserted in a bore hole, and then a short hose 
is inserted in the mouth of the bore hole and a waste cloth is packed to 
block up the mouth, and thereafter a urethane foam resin is allowed to 
pass through the hose into the mouth of the bore hole to be foamed and 
hardened. Therefore, the urethane foam resin can be injected easily 
and smoothly only to the bore hole mouth, and thus the bore hole 
mouth can be securely sealed with the urethane foam resin body. 
[0034] 

(2) After the bore hole mouth is sealed with the urethane foam 
resin body, the urethane foam resin is further allowed to pass through 
the hollow section of the rod to be injected into the whole area of the 
bore hole from the holes at the head end section. Therefore, the 
urethane foam resin can be injected quickly and satisfactorily into the 
inside of the bore hole from the hollow section of the rod and foamed 
and hardened without leaking from the bore hole mouth. Thus, the 
resin can press-seal the natural ground in the whole bore hole. 
[0035] 

(3) In the natural ground with many fissures or the poor ground 
of sandy soil, etc., the urethane foam resin permeates in narrow 
fissures or sandy soil because the liquid viscosity of the urethane foam 
resin to be injected is low, and then foams and consolidates the ground. 
Further, since the urethane foam resin provides adhesion to the natural 

ground, it can bind and improve the natural ground. 

[0036] 
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(4) Since the hardening speed of the urethane foam resin is as 
quick as a few to ten-odd seconds, it is possible to inject the urethane 
foam resin to a limited range, and thus waste of the materials can be 
prevented. 

[0037] 

(5) If a urethane foam resin which hardens faster is used, the 
natural ground with spring can also be improved. 

[Brief Description of the Drawings] 
[FIG. 1] 

A sectional side view partly broken away, in which a urethane 
foam resin is injected in a bore hole of natural ground according to an 
embodiment of a consolidation process of natural ground of the present 
invention! 
[FIG. 2] 

An enlarged side view partly broken away, showing a self-boring 
lock bolt used for the consolidation process of natural ground; 
[FIG. 3] 

A sectional side view partly broken away, showing a section for 
mixing and supplying the urethane foam resin in a separate state! 
[FIG. 4] 

A sectional side view of a section for mixing and supplying the 
urethane foam resin to a hose; 
[FIG. 5] 

A perspective view of the above section in a separate state! 
[FIG. 6] 
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An enlarged side view of a part of a stationary mixer; 
[FIG. 7] 

A front view of the stationary mixer; 
[FIG. 8] 

A plan view of the stationary mixer! 
[FIG. 9] 

A side view partly broken away, showing a main part of the 
section for mixing and supplying the urethane foam resin mounted to a 
self-boring lock bolt; 
[FIG. 10] 

A sectional side view in which a bore hole is formed in the 
natural ground by the self-boring lock bolt; 
[FIG. 11] 

A sectional side view in which a hose is inserted into the bore 
hole mouth and a waste cloth is packed therein; 
[FIG. 12] 

A sectional side view showing the condition in which the 
urethane foam resin is injected into the mouth of bore hole; 
[FIG. 13] 

A sectional side view in which a head end section of the hose is 
blocked with a fastener! 
[FIG. 14] 

A sectional side view in which a screw coupler equipped with a 
mounting coupler is screwed to the self-boring lock bolt; 
[FIG. 15] 
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A sectional side view in which the urethane foam resin is 
injected into the bore hole; 
[FIG. 16] 

A sectional side view in which an end connector of an injection 
pump is detached from the mounting coupler; 
[FIG. 17] 

A side view partly broken away, showing a hollow rod used in 
another embodiment of the present invention; 
[FIG. 18] 

A sectional side view in which a bore hole is formed in natural 
ground by a boring rod; 
[FIG. 19] 

A sectional side view in which the boring rod is removed; and 
[FIG. 20] 

A sectional side view in which the hollow rod is inserted in the 
bore hole. 

[Description of Symbols] 

a. Self-boring lock bolt 

b. Natural ground 

1. Rod 

2. Hollow section 

3. Rope male thread 

4. Bit 

5. Hole 

6. Urethane injection pump 
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7. End connector 

8. Nozzle 

9. Engaging circumferential groove 

10. Hose 

11. Screw coupler 

12. Rope female thread 

13. Mounting coupler 

14. Male thread 

15. Check valve 

16. Engaging ball 

17. Operation ring 

18. Mixing pipe 

19. Flared section 

20. Stationary mixer 
20a. 1-pitch piece 
20b. 1-pitch piece 

21. Packing 

22. Screw joint 

23. Bore hole 

24. Hose 

25. Fastener 

26. Waste cloth 

27. Urethane foam resin body 

28. Urethane foam resin body 

29. Chuck of boring machine 



al. Rod 

30. Boring rod 

31. Rope male thread 

32. Bit 
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